ABSTRACT Acid phosphatase (ACP) has been identified as a potential biomarker for endpoint temperature determination in further-processed poultry. Multiple analyses of the same sample for ACP have produced consistent results. The degree of variation in ACP levels present in different production lots has not been identified. This study was conducted utilizing a single flock of broilers. Birds were slaughtered on four separate days (replications), and whole leg, without skin, was homogenized. Proximate composition was analyzed for each replication. Water-soluble proteins were extracted from raw meat and assessed for initial ACP levels. Samples of meat were cooked to an internal temperature of 71.1 C. There were differences (P <0.05) between replications for both moisture and fat content. When dry fat content was ana-
INTRODUCTION
The USDA Food Safety Inspection Service requirements for internal cooking temperature have resulted in a need for both regulatory agencies and further processed meat producers to have effective methods to determine if these regulations have been met. Van Loey et al. (1996) discussed the need for time-temperature indicators and features they should possess for the food industry. Among the features mentioned, indicators should be inexpensive, quick, easily recovered, accurate, easily incorporated into the food without affecting heat transfer, not change the time-temperature profile of the product, and have the same time-temperature profile as the target organism for that process. Veeramuthu et al. (1998) analyzed various water-soluble enzymes present in turkey thigh meat for ability to mimic Escherichia coli O157:H7 and Salmonella senftenberg thermal death curves. The authors found great variability 2002 Poultry Science Association, Inc. Received for publication December 27, 2001 . Accepted for publication May 31, 2002. 1 To whom correspondence should be addressed: drjones@saa. ars.usda.gov. 1567 lyzed, no significant differences occurred between replicates. Initial ACP levels were different (P < 0.0001) between replicates (500.33 to 348.97 units of activity/kg). Levels of ACP activity after cooking were also different (P < 0.0001) between replicates (17.61 to 10.82 units of activity/kg). Percentage degradation of activity during cooking was similar (96.98 to 95.89%) between replicates. ACP levels were consistently measured within a replicate. Differences between replicates for both initial and cooked levels indicate a threshold level for determination of thermal endpoint would be difficult to establish. ACP may not be a sensitive measure to estimate the degree of doneness of meat samples in which initial ACP concentration is unknown. Identical raw sample required for such a comparison would be difficult for the processing industry to maintain. in z-values for all enzymes tested (lactate dehydrogenase, glyceraldehyde-3-phosphate dehydrogenase, creatine kinase, triose phosphate isomerase, acid phosphatase, serum albumin, and Ig G). For an endpoint temperature (EPT) indicator to be effective, the enzyme z-value should equal that of the target organism. Furthermore, in today's poultry industry, there is often more than one target organism for a process.
Several methods have been utilized for determination of the concentrations or residual activity of water-soluble muscle enzymes after thermal treatment. Spectrophotometric methods (Vassault, 1987; Stadler et al., 1991; Townsend et al., 1993; and Stadler et al., 1997) and ELISA procedures (Wang et al., 1992; Abouzied et al., 1993; Wang et al., 1993; Wang et al., 1994; Smith, 1995; and Veeramuthu et al., 1998) were the primary methods reported. This work was conducted in beef, pork, turkey, and chicken meat.
The Food Safety Inspection Service Analytical Chemistry Laboratory Guidebook (1993) includes a spectrophotometric method for the determination of residual acid Abbreviation Key: ACP = acid phosphatase and EPT = endpoint temperature. Means with differing superscripts are significantly different within a column.
phosphatase (ACP) activity in processed canned hams as a method for the determination of proper processing. In 1994, Davis and Townsend reported on the development of a fluorometric method to determine residual ACP activity in processed chicken and turkey products. Frozen and nonfrozen products were analyzed. These researchers recorded consistent reading between samples, but all samples came from a single, combined product lot. They also noted a nonsignificant decrease in raw ACP levels between frozen vs. nonfrozen product. Davis (1998) conducted an additional validation of this method with three separate labs conducting analyses. Prepared samples were shipped to the various laboratories for testing. Results from all three labs were similar; however, a single meat source was utilized for all replicates. Poultry processing technology allows for multiple meat sources to be combined into a production lot. Each lot of meat has the potential of combining numerous genetic strains and a variety of on-farm production practices. The objective of the current study was to compare ACP degradation by comparing degradation within a replicated sample, via dilution, to ACP degradation between replicates.
MATERIALS AND METHODS

Meat Source
A single flock of commercial broilers was slaughtered on four separate days. Each day, the whole leg meat from six carcasses was combined as a replicate. Whole legs were removed from the carcasses after 4 h of aging at 4 C, and the skin was removed. The only fat removed was that adhered to the skin. The thigh and leg were deboned and the meat ground through a Kenwood Major 2 equipped with a meat grinder, twice through a coarse screen (9-mm internal diameter) and once through a fine screen (3-mm internal diameter). All meat preparation was performed at 4 C.
Proximate Analysis
Proximate composition was conducted for raw samples in triplicate for each replicate (n = 3). Moisture was deter- 
Sample Cooking
For each replicate group, twelve 25 × 150 mm glass test tubes were packed with 16 g of meat. Care was taken to prevent air-pocket formation. Tubes were sealed with a rubber stopper and stored overnight at 4 C. Before cooking, rubber stoppers were removed, and a thermocouple was suspended in the center of the sample. Six tubes were placed in a 72.6 C water bath and cooked to an EPT of 71.1 C. In poultry, the required EPT for cooked product is 71.1 C (160 F) as stated in 9 CFR 381 (1999). Immediately after the EPT was reached, samples were moved to an ice-water bath to cool to 4 C before ACP activity analysis.
ACP Activity Determination
Raw and cooked samples from each replicate were analyzed for ACP activity. Both raw and cooked samples were homogenized (Polytron 5 homogenizer) with a 1:1 (wt/wt) ratio of meat and deionized water. All homogenization occurred on ice to minimize enzyme degradation. Samples were then centrifuged at 4 C and 12,000 × g for 45 min. The extract was filtered through 25 mm, 1 micron glass paper. Both raw and cooked analysis was conducted via the method of Davis (1998) with three reactions per tube (n = 27 and n = 36, respectively). Direct readings were taken from the cooked samples. Raw samples were further diluted to levels of 15, 12, 10, 7, 5, 4, 3, 2, and 1%. The dilution scheme of the raw extracts allowed for the construction of a linear regression formula to generate predicted ACP values for each replicate.
Statistical Analysis
Within each replicate, as well as across the four replicates, raw ACP activity was plotted against dilution to generate linear regressions. Based on these equations, predicted ACP values were determined using the linear models for each individual replicate group as well as for the entire study. The data were averaged across the triplicate readings (subsample per replication). The main effects of replication and their first level interactions with subsample were analyzed using the ANOVA option of the general linear models procedures of SAS (SAS Institute, 1999 ). Main effects were tested using the replicate by subsample interaction error term. Replicate means were separated using the Duncan's multiple-range test option (SAS Institute, 1999) using the replication by subsample test error term described above.
RESULTS AND DISCUSSION
Replicates were different (P < 0.05) for percentage moisture and fat (Table 1) . When fat was calculated on the dry weight basis, the difference between replicates was not significant. All replicates were similar for percentage of total protein and ash.
When replicates were compared, differences (P < 0.0001) were seen for both the raw and cooked meat ACP readings (Table 2) . Raw ACP activity ranged from 500.33 (replicate 2) to 348.97 (rep 3) units of activity per kilogram meat. For cooked ACP readings, replicated averages of a maximum of 17.61 (replicate 1) and a minimum of 10.82 (replicate 4) units of activity per kilogram meat were recorded. Replicate 2 had the significantly highest raw meat ACP activity, but after cooking, replicate 1 had the significantly highest residual ACP activity. Replicate 3 had the significantly lowest raw ACP activity while replicate 4 had the significantly lowest cooked ACP activity. The numerical percentage degradation of ACP activity was extremely close between the replicates with values ranging from 96.98 to 95.89%. As was previously reported by Davis and Townsend (1994) and Davis (1998) , ACP activity readings within a replicate were consistent for both the raw and cooked analyses.
Predicted values for cooked samples were calculated from equations presented in Table 3 . These equations These results suggesting differences in levels of ACP activity were not due to differences in proximate composition of the initial samples. Differences between replicates for both raw and cooked ACP activity illustrate the difficulty associated with utilizing ACP as a regulatory biomarker to determine proper heat treatment. Percentage degradation of ACP activity may prove to be a better tool for predicting adequate heat treatment. However, this would require retaining a raw sample from the same production lot.
Upon review of the previous work of Davis and Townsend (1994) and Davis (1998) , an omission of a dilution factor in the calculations utilized to predict ACP activity was discovered. The dilution factor has been included in the current study representing the large degree of difference in the results between our studies.
The current fluorometric determination of ACP activity was unable to consistently measure residual ACP activity between replicates in the same flock of broilers. Under commercial conditions, more than one flock of birds would be present in a production lot increasing the potential for variability. The results of this study indicate that it would be difficult to determine a threshold level of ACP activity to be utilized as a regulatory requirement for EPT verification. The percentage degradation of ACP activity after heat treatment could serve as a better indicator of EPT. To determine percentage degradation, a raw sample from the same production lot of each cooked product would be required for comparison. With the large number of products produced in the poultry market and level of production for fully cooked products, this would be difficult for the companies to maintain. The process of securing raw samples from suspect production lots would be even more difficult for imported products.
